To determine the extent of the spousal resemblance for adiposity and leanness in the Canadian population. DESIGN: Cross-sectional population survey. METHODS: The sample comprised parents and offspring from 1341 families (n ¼ 4023) of the Canada Fitness Survey. Indicators of adiposity included the body mass index (BMI) and the sum of five skinfolds (SF5). Both offspring and parents were ranked by their BMI and SF5 percentile position in the population using the entire Canada Fitness Survey database (n ¼ 15 818). RESULTS: Pearson correlations indicated significant spousal resemblance for both BMI (r ¼ 0.14; P < 0.0001) and SF5 (r ¼ 0.13; P < 0.0001). However, the magnitude of the spousal correlations varied by the adiposity status of the offspring, with spousal correlations tending to be stronger in parents of lean or obese children and lower among parents of 'average' children. Bivariate histograms indicated that among lean ( 5th percentile) and obese offspring ( 95th percentile), the parental pairs tended to cluster among the lower and higher percentiles of adiposity, respectively. CONCLUSIONS: There are spousal similarities in adiposity, particularly among parents of lean or obese offspring in the Canadian population. The degree to which these similarities are due to a loading of spouses with genes predisposing to obesity or a shared household environment cannot be determined from the present study. However, these results are compatible with the notion that genes and mutations predisposing to obesity are more prevalent among obese parents while those for pronounced leanness are more prevalent among lean parents.
Introduction
Obesity arises from complex interactions between genes and the environment. Given the recency of the current obesity epidemic, it is likely that environmental rather than genetic factors have been more important in explaining the increase in the prevalence of obesity. On the other hand, there is considerable evidence for the role of genes in body fatness, with some evidence for major gene effects. 1 Thus, the increasing prevalence of obesity is probably due to genetic -environment interactions, such that those with a susceptible genotype are at increased risk for weight gain in our modern, sedentary society.
One possible mechanism whereby genes could be involved in increasing rates of obesity is through assortative mating for body fatness, or the selection of mates who are more similar than one would expect by chance alone. 2 Given that obesity is likely a polygenic trait, with many genes having a small effect on body fat accumulation, assortative mating may increase the genetic effect among offspring of obese parents. In other words, the chance of receiving more 'obese' genes is theoretically greater in offspring with two obese parents. A recent analysis in a sample of extremely obese German children and adolescents demonstrated that approximately 35% of the parental pairs were in the tenth decile for body mass index (BMI). 2 The purpose of the present study was to determine the extent to which spousal resemblance in the Canadian population may be contributing to the obesity epidemic. To this end, data from the 1981 Canada Fitness Survey, were analyzed. Extremes of adiposity and extremes of leanness were both considered in the present study.
Methods
The Canada Fitness Survey (CFS) sample of 1981 was selected by Statistics Canada as being representative of the Canadian population. A total of 13 440 households were selected and, of this total, 88% participated in the survey. 3 The present sample consists of 1341 families in which both parents and at least one offspring participated in the survey. In families with more than one offspring, a single child was randomly selected for the purpose of the study. The final sample used in the present analysis includes 1341 mothers, 1341 fathers, 608 daughters and 733 sons.
All measurements were made following the standardized procedures of the CFS. 4 Stature was measured to the nearest millimeter using a Harpenden tape and body mass was measured to the nearest 0.1 kg using a standing beam balance scale. The BMI was calculated as body mass (kg)=height (m) 2 . Skinfolds at the biceps, triceps, medial calf, subscapular and suprailiac sites were measured to the nearest 0.2 mm on the right side of the body using a Harpenden skinfold caliper. The five skinfolds were summed to provide a single index of subcutaneous adiposity (SF5).
Individual age-and sex-specific percentile ranks were calculated for all parents and offspring based on the entire CFS distribution (n ¼ 15 818). Offspring were grouped into eight BMI and SF5 categories based on the following percentile ranks: 5, 6 -14, 15 -24, 25 -49, 50 -74, 75 -84, 85 -94, 95th. To estimate the degree of spousal resemblance in the sample, two approaches were used. First, Pearson motherfather correlations were calculated for the entire sample of parents, and then among parents of offspring grouped into the eight BMI or SF5 categories as described above. Second, bivariate frequency histograms of the BMI or SF5 percentiles of mothers vs the BMI or SF5 percentiles of the fathers were plotted for parents of offspring in the lowest ( 5th) and highest ( 95th) BMI or SF5 categories.
A simulation study was carried out to help determine whether the results obtained in the present study were real or possibly an artifact of how the data were divided up into percentiles. Briefly, the 1341 offspring used in the present study were removed from the original CFS database (n ¼ 15 818), and 1341 children (7 -18 y of age) were randomly selected from the remaining sample. A series of 1341 males and 1341 females 30 -69 y of age were randomly selected from the population to act as 'simulated' parents. The mean ages (13.8, 13.8, 42.1 and 40.6 y) and mean BMIs (19.6, 20.3, 25.8 and 23.9 kg=m 2 ) of the simulated sons, daughters, mothers and fathers were similar to those of the sample reported in the present study (see Table 1 ).
Results
The descriptive characteristics of the sample are presented in Table 1 . The mean ages of the mothers and fathers were 39.8 and 42.7 y, respectively, and the mean ages of the daughters and sons were 13.9 and 14.0 y, respectively. The Pearson spousal correlations were 0.14 (P < 0.0001) for BMI and 0.13 (P < 0.0001) for SF5, indicating low but significant spousal resemblance in the entire sample of parents. The spousal correlations, calculated separately among the eight BMI or SF5 categories of the offspring, are presented in Figure  1 . The pattern of correlations for both indicators of adiposity suggests a greater degree of spousal resemblance among parents of either lean or obese offspring, and lower spousal resemblance among parents of offspring in the mid-range of the distribution. In other words, the pattern of correlations is 'U' shaped. Figures 2 and 3 demonstrate the degree of spousal resemblance in offspring in BMI or SF5 categories I ( 5th percentile) or VIII ( 95th percentile). Figure 2 demonstrates that, among parents of lean offspring, parental pairs tend to cluster towards the back left corner of the figure, which are the lower percentiles of the distribution. On the other hand, parents of obese offspring tend to cluster in the higher percentiles of the distribution (back left corner of Figure 3) .
The spousal correlations in the simulated sample of parents were 0.006 (NS) BMI and 0.0003 (NS) for SF5. Further, the spousal correlations across the eight percentile categories of both the children's BMI and SF5 distributions were low and none were statistically significant. Figure 4 presents the cross-tabulated frequencies among the simulated parents across the percentile categories in the lower ( 5th) and upper ( 95th) BMI and SF5 categories of the randomly selected children. The simulated spousal pairs do not cluster at the rear of the figures, but rather in the middle of the graphs as one would expect of such pairs of biologically unrelated individuals, who also have no relationship to the children.
Discussion
Assortative mating is one mechanism that could partially explain if and how genes are involved in the increasing incidence of obesity. The present study has replicated the Spousal resemblance for adiposity PT Katzmarzyk et al Spousal resemblance for adiposity PT Katzmarzyk et al Spousal resemblance for adiposity PT Katzmarzyk et al finding that there are low but significant levels of spousal resemblance for adiposity in the Canadian population. An earlier study using the entire CFS sample found a spousal correlation of 0.12 for BMI and 0.15 for SF5, 5 while a more recent analysis of the Campbell's Survey, a 7 y follow-up of CFS, demonstrated spousal correlations of 0.17 and 0.20 for BMI and SF5, respectively, at both baseline and follow-up. 6 The present study extends the findings of these studies by examining the strength of the parental resemblance across the range of body fatness in the offspring.
It is difficult to infer an assortative mating effect based on cross-sectional observations, as the spousal resemblance could arise from assortative mating, common environmental influences, or the differential survival of marriages of spouses more similar to one another. 7 However, a correlation of 0.13 for relative weight has been demonstrated among pairs of spouses, prior to marriage or cohabitation, suggesting that there is a small assortative mating effect. 7 Additionally, the spousal resemblance for BMI and SF5 did not increase over time in the 7 y follow-up (Campbell's Survey) of the CFS, suggesting that, at least over the short term, the shared household environment was not leading to increases in spousal similarity. 6 The worldwide prevalence of obesity is increasing at an alarming rate, and the results of the present study suggest that genetic factors may be playing a role in the increasing rates of obesity through assortative mating for body fatness. The finding of a U-shaped pattern in the spousal correlations is interesting. There appears to be greater spousal resemblance in parents of either heavy or lean offspring, while spousal resemblance in the parents of 'average' children is somewhat lower. The results of the present study are not as dramatic as those of Hebebrand et al, 2 who found that parental pairs of obese children clustered in the top decile of the German BMI distribution. In their study, 35% of the parental pairs were in the top decile, while 50% of the mothers and fathers were in the top decile. However, the samples of youths that were studied were inpatients at a hospital being treated for their extreme obesity, whereas the children and adolescents in the present study are from the general Canadian population. Although the effect was more modest, it is in the expected direction. Further, the results of the simulation study indicate that the results are not an artifact of the way in which the data were divided up into percentiles.
The observation that there is increased spousal resemblance for parents of both lean and obese offspring suggests a genetic effect on body fatness, but it is not readily apparent how this could lead to a 'heavier' society, as the prevalence of low body weight should theoretically be increasing as well. However, the genetic susceptibility for having low body fatness may not generally be expressed phenotypically in our modern, sedentary society. However, a genetic susceptibility to increased body fatness coupled with a sedentary lifestyle may provide the perfect combination for weight gain. The prevalence of obesity (BMI 30 kg=m 2 ) in Canada increased from 7 to 13% for men and from 9 to 14% in women over the period of 1978 to 1986 -1992. 8 To our knowledge, changes in the prevalence of low body weight for height or low levels of adiposity have not been addressed in North America as they have been for the changes in the prevalence of overweight and obesity. It appears that the prevalence of obesity has increased more than the prevalence of overweight over the last couple of decades, 8 and that the major changes in the distribution of BMI have been at the upper levels. 9 In summary, the present study has demonstrated a weak, though significant, spousal resemblance for adiposity and leanness in the Canadian population. Further, the strength of the spousal resemblance varies by the adiposity level of offspring, which suggests that assortative mating may be playing a role in the increasing prevalence of obesity. The Canada Fitness Survey was conducted in 1981; thus the offspring in the sample are now entering mid-life and are potentially contributing to the obesity epidemic. It has recently been shown that the prevalence of obesity has tripled among Canadian children over the last 15 y, 10 while the increase among adults has been more modest. 8 Thus, assortative mating could be playing a potential role in the increased obesity prevalence rates.
The present analyses need to be replicated on more recent samples to determine the impact that assortative mating may currently be having on the distribution of adiposity in the population. Future work is required to track changes in spousal resemblance in concert with changes in the prevalence of obesity at the population level to investigate this phenomenon. However, an understanding of the role played by assortative mating in the recent increase in the prevalence of obesity will come only when the genes and mutations associated with a predisposition for obesity (or leanness) have been identified and used to verify whether they are responsible for the phenomenon.
